I ncreasing evidence indicates that with modern intensive medical therapy most patients (90%) with asymptomatic carotid stenosis (ACS) are more likely to be harmed than to benefit from carotid endarterectomy or carotid stenting. [1] [2] [3] Unfortunately, many patients, particularly in the United States, undergo such procedures. In the United States, more than 90% of carotid intervention is for asymptomatic stenosis 4 ; in Denmark, the rate is 0%. 5 Such a wide range of practice brings into question the advisability, and even the ethics, of routine intervention for ACS. Some or much of this intervention is performed with the objective of preventing carotid occlusion, the underlying assumption being that carotid occlusion would carry a high risk of stroke. However, this approach to routine intervention in ACS, which may be based on analogy to coronary occlusion, ignores the substantial protection offered by the circle of Willis.
Carotid endarterectomy and carotid stenting should probably be conducted to prevent emboli, rather than to increase blood flow to the brain. 6 The circle of Willis is usually effective at maintaining blood flow in the face of unilateral carotid occlusion and is often protective even in the face of bilateral carotid occlusion. Some interventionalists may invoke severity of stenosis or the presence of contralateral carotid occlusion as reasons to perform carotid stenting or endarterectomy. We therefore sought to determine the risk resulting from progression to occlusion among patients with ACS and to assess the role of severity of carotid stenosis or the presence of contralateral occlusion as factors that may predict the risk of stroke or death after occlusion of a previous ACS. We also evaluated the frequency of index occlusion over time. Our hypotheses were that the risk of stroke at the time of carotid occlusion was low and that the frequency of index carotid occlusion was decreasing over time, after implementation in our clinic (in 2002-2003) of more intensive medical therapy based on plaque measurement.
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Methods
Data Sources
We conducted a retrospective analysis of data collected from all patients at the Stroke Prevention Clinic of Victoria Hospital from January 1, 1990 (when annual surveillance with carotid ultrasonography first began), through December 31, 1995, or the Stroke Prevention Clinic at University Hospital from January 1, 1995, through December 31, 2012. The last date of follow-up was August 26, 2014. The protocol was approved by the Western University Human Subjects Ethics Review Board. Data were from the electronic medical record of the patients' physician and anonymized before analyses were performed.
Cases were identified by first listing all patients in the database with a carotid occlusion and then searching their clinic file to determine whether a prior carotid ultrasonographic examination was on record that did not reveal occlusion on that side and office visits going back at least 18 months before the index occlusion. The date of the first ultrasonographic examination revealing new occlusion was recorded as the time of the index occlusion. Eligible patients were asymptomatic before the index occlusion. Asymptomatic was defined as not having had a neurologic event (transient ischemic attack [TIA] or stroke) in the carotid territory within 18 months before the index occlusion based on the rate of decrease in symptoms among symptomatic patients randomized to surgery in the North American Symptomatic Carotid Endarterectomy Trial. 8 
Outcomes
Events recorded were TIA, stroke, and death. Outcomes were ascertained by clinic notes and hospital records. Cause of death was ascertained from hospital records or faxed from family physicians' offices or, if the family physician was no longer in practice, from family members (if they were confident that they knew the cause of death). Cause of death was recorded as unknown if it could not be determined. A TIA was defined as an episode of focal neurologic symptoms diagnosed by a stroke neurologist as being caused by cerebral ischemia, with symptoms persisting less than 24 hours and no corresponding lesion seen on brain imaging. A stroke was an episode of focal neurologic dysfunction caused by cerebral ischemia, with symptoms and signs persisting 24 hours or longer or symptoms and signs persisting less than 24 hours with a corresponding infarction seen on brain imaging.
The TIA and stroke events were classified as ipsilateral or contralateral to the side of the index occlusion and by their stroke subtype (large artery atherosclerosis, cardioembolic, small vessel disease, other rare or unusual causes, and undetermined), using the SPARKLE (Subtypes of Ischaemic Stroke Classification System) classification. 9 The primary outcome was a combination of ipsilateral stroke, ipsilateral TIA, or death from ipsilateral stroke or unknown cause. The decision to include TIA in the primary outcome was based on the concept that the occurrence of TIAs would likely lead to intervention. A secondary outcome was combined ipsilateral stroke, death from ipsilateral stroke, or death from unknown cause. Among this patient population, 48 became symptomatic during follow-up and had carotid intervention.
Stenosis Severity
Stenosis was measured by carotid Doppler peak velocity. We used cutoffs for levels of percent stenosis that were validated for our laboratory from angiography in the Asymptomatic Carotid Surgery Trial (ACST) 10 and in angiograms from 100 patients (200 carotid arteries) followed up in our ultrasonography laboratory during the North American Symptomatic Carotid Endarterectomy Trial study, 8 with the percentage of angiographic stenosis measured in the central radiology laboratory of that trial.
Plaque Measurement
As described previously, 11 carotid total plaque area was measured using a high-resolution duplex ultrasonographic scanner. Plaque was defined as a local thickening of the intima greater than 1 mm in thickness. Measurements were made in magnified longitudinal views of each plaque seen in the right and left common, internal, and external carotid arteries. The plane in which the measurement of each plaque was made was chosen by panning around the artery until the view showing the largest extent of that plaque was obtained. The sum of cross-sectional areas of all plaques seen between the clavicle and the angle of the jaw was taken as the total plaque area.
Statistical Analysis
Data were analyzed with SPSS statistical software, version 22.0 (SPSS Inc). Continuous variables were assessed by analysis of variance and categorical variables by χ 2 analyses. Kaplan-Meier survival analyses were conducted to evaluate the effects of various features of the carotid artery disease on event-free survival assessing log-rank probabilities, and Cox proportional hazards regression analyses (backward Wald) were performed to assess effects of covariates on event-free survival.
Results
Among 3681 patients in our clinic database with data on sequential annual carotid ultrasonographic examinations during the study period, 316 (8.6%) were asymptomatic before an index occlusion that occurred during observation. Results are presented for those patients. Mean (SD) age was 66.4 (10.5) years, 225 (71.2%) were men, 246 (77.8%) were hypertensive, and 216 (68.4%) had hyperlipidemia. The mean (SD) duration of patient follow-up was 2.56 (3.64) years (maximum, 20.22 years). Prior asymptomatic occlusion on the contralateral side was present in 10 patients. Three of the patients with index occlusions had no significant plaque or stenosis before the occlusion, suggesting that the occlusion may have been due to dissection or embolism. Most of the index occlusions occurred before the initiation of more intensive therapy based on plaque measurement 2, 7 (eTable 1 in the Supplement), the implementation of which began in 2002 At baseline before the index occlusion, 42 patients (13.3%) had a previous myocardial infarction, 69 (20.6%) had diabetes mellitus, 69 (21.8%) still smoked, 167 (52.8%) had quit smoking, and 38 (12.0%) had never smoked. The mean (SD) smoking burden was 26.81 (23.11) pack-years. Baseline characteristics of the patients are presented by stenosis groups in Table 1 and by the presence of prior occlusion of the contralateral internal carotid artery in eTable 2 in the Supplement. Patients with more severe stenosis were more likely to have diabetes (P = .02) and more likely to have a lower (with treatment) level of lowdensity lipoprotein cholesterol (P = .03). No significant differences were found in baseline characteristics of patients with prior contralateral occlusion. Only 1 patient (0.32%) had an ipsilateral stroke at the time of the occlusion, and only 3 patients (0.9%) had an ipsilateral stroke during follow-up. During follow-up after the index occlusion, 71 patients died; the mean (SD) time of death was 7.2 (4.9) years after the occlusion. Table 2 lists the causes of death. Cause of death was unknown in 16 patients because it was not in the hospital record, the family physician had died or retired from practice, or family members could not be contacted or were unsure of the cause of death at the time we conducted the analyses.
For the purpose of the Kaplan-Meier survival analyses, we assumed that all deaths of unknown cause were stroke deaths; despite this conservative assumption, neither percent stenosis of the index artery before occlusion nor previous contralateral occlusion predicted survival free of ipsilateral stroke or TIA, death from any stroke, or death from unknown cause. Figure 2 shows survival free of those events by groups of percent stenosis (<60%, 60%-80%, 81%-90%, and >90%); no significant difference was found (P = .80). There was also no significant difference in event-free survival by prior contralateral occlusion (P = .73, log-rank test; eFigure in the Supplement). However, as shown in Figure 3 , carotid plaque burden measured as total plaque area significantly predicted reduced event-free survival (P = .006).
Occurrence of the secondary outcome (survival free of ipsilateral stroke, death from ipsilateral stroke, or death from unknown cause) was similar for contralateral occlusion (P = .30) and the stenosis groups (P = .20). Outcome for stroke or death was also similar for the stenosis groups (P = .60) and contralateral occlusion (P = .17). Survival free of ipsilateral stroke could not be computed because there was only 1 case.
The results of Cox proportional hazards regression analysis (backward Wald) are provided in eTable 3 in the Supplement. With age, sex, diabetes, stenosis groups, contralateral occlusion, and total plaque area as covariates, the only significant predictors of the primary outcome were age (P = .02), male sex (P = .01), and total plaque area (P = .006).
Discussion
In our stroke prevention clinic and premature atherosclerosis clinic, high-risk patients with vascular disease undergo 58  57  56  56  56  56  56  55  55  55  55  55   19  19  19  19  19  18  17  17  17  17  17  17   80  80  79  75  75  74  73  72  72  72  72  72   159  158  156  154  153  152  151  150  149  149  146  148 In Kaplan-Meier analysis, survival after the index carotid occlusion free of ipsilateral stroke or transient ischemic attack, death from ipsilateral stroke, or death from unknown cause was not predicted (P = .80, log-rank test) by severity of stenosis before the index occlusion by groups (<60%, 60%-80%, 81%-90%, and >90%). Plots were truncated at 2000 days because of low numbers surviving after that time, but the P values from log-rank tests are for the entire follow-up period.
cumstance to analyze the risk of stroke at the time of a de novo carotid occlusion. We found that among patients with asymptomatic carotid disease, only 1 of 316 (0.3%) had a stroke at the time of a new carotid occlusion. Neither severity of stenosis of the index artery before occlusion nor the presence of a prior contralateral carotid occlusion predicted the risk of events during follow-up after the occlusion.
Among patients receiving intensive medical therapy, the risk of stroke at the time of a carotid occlusion is thus much lower than the risk of intervention. Even in the Carotid Revascularization Endarterectomy vs Stenting Trial (CREST), 12 the 30-day risk of stroke or death for asymptomatic patients was 2.5% for stenting and 1.4% for endarterectomy; the 4-year risk was 4.5% for stenting and 2.7% for endarterectomy. In realworld practice, the risk is much higher: Wang et al 4 reported that in Medicare patients the 1-year risk of stroke or death was 16.7% for stenting and 11.0% for endarterectomy. More recently, Jalbert et al 13 found that among Medicare patients subjected to carotid stenting, the 30-day rate of death was 1.7%, the risk of stroke or TIA was 3.3%, and the risk of myocardial infarction was 2.5%. During a mean follow-up time of 2 years, mortality was 27.7% among asymptomatic patients. The CREST-2 trial 14 is under way with a contemporaneous medical therapy arm; the corresponding European trial does not have a medical arm. Given the marked decrease in the risk of asymptomatic stenosis since 2005, it is not legitimate to use the event rate in the medical arm of studies conducted more than a decade ago to justify routine intervention based on the risks in the CREST trial, which had no medical arm.
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Patients with carotid stenosis are at high risk of death, but as indicated in Table 2 , most of the deaths are not from stroke. Carotid stenting or endarterectomy can therefore not be expected to improve those outcomes.
Spence et al 11 reported in 2002 that carotid plaque burden, measured as total plaque area, was a strong predictor of cardiovascular events, after adjustment for coronary risk factors, and others have found that total plaque area is a stronger predictor of myocardial infarction 16, 17 or stroke 18 than carotid intima media thickness. Our finding that carotid plaque burden was a stronger predictor of cardiovascular events than stenosis confirms our previous report in 2004. 19 The burden of carotid atherosclerosis predicts outcome more strongly than the percent stenosis. Few previous studies 20, 21 have investigated the neurologic consequences of progression to internal carotid occlusion, and to our knowledge, only 1 previous study 5 focusing solely on carotid occlusion in asymptomatic patients has been conducted. Naylor et al 5 analyzed the consequences of new occlusion in the ACST: "for every 700 asymptomatic patients with a 70-99% asymptomatic stenosis treated medically, seven will occlude their carotid artery each year, but only 1 of the 700 will suffer an ipsilateral stroke." 5(p 636) This result validates our findings.
This study has some limitations. We did not perform brain imaging unless patients had a stroke, so we cannot state the frequency of silent infarction. We also did not investigate the adequacy of collateral circulation, including the patency of the ipsilateral external carotid artery. Furthermore, we did not study patients who became symptomatic and had intervention for that reason. It is also possible that some patients who did not return for follow-up may have had events that were missed because they went to a different hospital; however, our hospital is the only tertiary care hospital and the designated regional stroke hospital in Southwestern Ontario (the region from which patients were referred). Patients who did not respond to notification of follow-up appointments (or their family or family physician) were called to determine their status.
Spence et al 22 ). Plots were truncated at 2000 days because of low numbers surviving after that time, but the P values from log-rank tests are for the entire follow-up period. present in 12.6% of patients before 2003; then with more intensive therapy as described in eTable 1 in the Supplement, the prevalence of microemboli decreased to 3.7% of patients with ACS, 2 suggesting stabilization of plaque. The annual rate of ipsilateral stroke associated with ACS has decreased to less than 1% during the past 20 years. 3, 23 Therefore, most patients with ACS would be better served by intensive medical therapy than by carotid endarterectomy or carotid stenting. 6 Naylor et al 5 calculated that even assuming an operative risk of zero, 93% of endarterectomies would have been unnecessary, even in the historical studies that are used to justify intervention. Progression of stenosis, although often touted as a reason for intervention, is of limited use in identifying patients who should have intervention. 5, 6 Although Hirt 24 reported that progression of stenosis was predictive of events in the ACST, both Spence et al 6 and Naylor et al 5 pointed out that the proportion of patients was very small: "Among the 1469 patients in the study, there were events in only 50 (3.4%), among the 117 (8%) of patients with progression by ≥2 grades of stenosis. It must also be understood that the ACST trial was conducted before the widespread implementation of intensive medical therapy that has diminished the stroke risk picture markedly." 24(p 655) The small proportion of patients with ACS (approximately 10%) who could benefit from endarterectomy can be identified by the presence of microemboli on transcranial Doppler ultrasonography 2, 22, 25 or reduced cerebrovascular reserve, 26 and a number of other modalities are being studied that may slightly increase this proportion. Other methods for identifying high-risk asymptomatic stenosis that are in development include ulceration on 3-dimensional ultrasonography, 27 echolucency, 28, 29 plaque texture, intraplaque hemorrhage on magnetic resonance imaging, neovascularity on contrast ultrasonography of carotid plaques, and plaque inflammation on positron emission tomography with fluorodeoxyglucose.
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Conclusions
The risk of ipsilateral stroke at the time of carotid occlusion was well below the risk of carotid stenting or carotid endarterectomy, and the percent stenosis or contralateral occlusion did not identify patients who would benefit from intervention. Preventing carotid occlusion may not be a valid indication for intervention.
